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(54) Silver vanadium oxide provided with a metal oxide coating 



(57) An improved cathode material for nonaqueous 
electrolyte lithium electrochemical cell is described. The 
preferred active material is e-phase silver vanadium ox- 
ide (Ag 2 V 4 0 11 ) coated with a protective layer of a metal 
oxide, preferably Y-Phase SVO (Ag 1i2 V 3 0 18 ). The SVO 



core provides high capacity and rate capability while the 
protective coating reduces reactivity of the active parti- 
cles with electrolyte to improve the long-term stability of 
the cathode. 
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Description 

BACKGROUND OF THE INVENTION 
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2. Prior Art 
[0002] 



SUMMARY OF THE INVENTION 



rphase SVO. p-phase SVO (Aq V O lorln T f° ? "* 3 Pr ° teCUVe metal 0Xide surface la V er ° f 
provide a thin <£L oveTSeKSvO STSJE? * 3PP ' ied Wa 3 P™** to 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 
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pLeSVO Spared by. «*8=1 Mhriqu. In oomp-ton to ctfh nnnalnlng Chodns h^ng vftm. SVO pre- 
pared by a prior art decomposition method. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

rooOSl As used herein, the term "pulse" means a short burst of electrical current of significantly greater amplitude 
San t at o -p Z current immediately prior to the pulse. A pu.se train consists of at least two pulses MM 

SaytnSt of four 10-second pulses (23.2 mA/cm*) with a 15 second rest between J*^^^ 
ranoe of current densities for cells powering implantable medical devices is from about 15 mA/cm* to about 50 mA/ 
m' Vna Ze preferably from about 18 mA/cm* to about 35 mA/cm*. Typically, a 10 second pu.se is surtab.e fo 
medical implantable applications. However, it could be significantly shorter or longer depending on the specific cell 

" JoolTtel^ 

vigorous requirements of implantable medical devices comprises an anode of a metal selected from Groups ^A HA 
andiHB of the Periodic Table of the Elements. Such anode active materials include l.th.um, sod.um, potassium, etc., 
andtheVa loy^and^ 

jS^^pSL anode comprises lithium. An alternate anode comprises a lithium alloy such as a lith.um- 
aluminum aiioy The greater the amounts of aluminum present by weight in the a.loy. however, the lower the energy 

£Sl ^heS of the anode may vary, but preferably the anode is a thin r^ V n M ^^^ 
pressed or rolled on a metallic anode current collector, i.e., preferably comprising titanium .titanium alloy or n.ckeL to 
form an anode component. Copper, tungsten and tantalum are also suitable materials for the anode current collector 
Se exeSa £32 the present invention, the anode component has an extended tab or lead of the same materia, 
as the anode current collector, i.e., preferably nickel or titanium, integrally formed therewith such as by welding and 
contacted by a weld to a cell case of conductive metal in a case-negative electrical configuration. Alternative y, the 
anode mai £ fformecl in some other geometry, such as a bobbin shape, cylinder or pellet to allow an atternate low 

30 'rhe'eSochemical cell of the present invention further comprises a cathode of electrically conductive .ma- 

terial that serves as the other electrode of the cell. The cathode is preferably of solid materials compns.ng a meta 
elern^ 

feZed by the chemical addition, reaction, or otherwise >^^«^ M ^ M ££Z^ 
or metal elements, preferably during thermal treatment, sol-gel formation, chemical vapor **^%gSS 
synthesis in mixed states. The active materials thereby produced contain metals, oxides and sulfides of Groups IB 
IIB HIB IVB VB VIB.VIIB and VIII. which includes the noble metals and/or other oxide and sulfide compounds. A 
preferred cathode active material is a reaction product of at least silver and vanadium. 
[0012] Onepreferredmixedmetaloxidehasthegenera^ 

B to illB and VIII of the Periodic Table of Elements, wherein x is about 0.30 to 2.0 and y is abou^ 4-5 o 6.0 in the 
aeneral formula By way of illustration, and in no way intended to be limiting, one exemplary cathode active matenal 

x = 0 35 and y = 5 8, rphase silver vanadium oxide having in the general formula x = 0.74 and y - 5.37. or e-phase 
having in the general formula x = 1.0 and y = 5.5. and combinations of phases thereof. 
4 5 rooi31 For a more detailed description of such cathode active materials, reference is made to U S Patent Nos. 

6 33 to Lauck 4.158.722 to Lauck et a... 4,310.609 to Liang et a,.. 4,391 729 to Liang at f^^™ 
e al.. 4,675.260 to Sakurai et al.. 4,751.157 to Uchiyama et al., 4,751.158 to Uchiya™ et , al 4,803,1 37 tc Miyazak, 
etal 4 830 940toKeisteretal..4.964.877toKeisteretal..4,965,151toTakadaetal.,5,194.342toB^ 
to aesp' s 298,349 to Takeuchi, 5.389.472 to Takeuchi et a... 5.545,497 to Takeuchi et a. 5 458,997 * 
5 498 494 toTakeuchietal..5.498,495toTakadaetal..5.512,214toKoksbang, 5.558.680 to Takeuch. etal 5 567.538 
toOttmanetaL.5.670.276to Takeuchi eta... 5.695.892 to Leising etal.. 5.895.733 to CrespietaL.^955.218 to C^ 
et a. 6.093,506 to Crespi et a... 6.130,005 to Crespi et al., 6.413,669 to Takeuchi et a. 6^58.845 to Leis* ,et si 
and 6 566 007 to Takeuchi et al. Prior art synthesis for SVO are also described in Leis.ng, R. A; Takeuch. E S. Chem 
Ze^Z 738-742 and Leising. R. A, Takeuchi, E. S. Cnem. Mater. 1994. 6. 489-495 The latter Leising et aL 
publication describes a preferred method for the synthesis of SVO with the caveat that the temperature ,s less than 
500°C to fully form the material. These patents and publications are incorporated herein by reference. 
[00141 Another preferred composite metal oxide cathode material includes V 2 O z wherein z < 5 combined with Ag z O 
with silver in either the silvertll). silver(l) or silver(0) oxidation state and CuO with copper in either the copper(ll). copper 
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0) or copperfO) ox.dat.on state to provide the mixed metal oxide having the general formula CuJ^V-A (CSVO) 

T "*? ma,enal ^ be deSCribed 33 3 meta ' 0Xide - me,a, oM^Ste*. a metat 
° x ' de ' or a ™ta.-metal-metal oxide and the range of material compositions found for CuWo 

Cu P io V O w°? zhJ : V^Jir* f0mlS ° f 0870 ^ C W9o, 7 V 2 O z with z being abouT^ and 

23 n ^ dePenC " n9 °" Wh6ther ,he Cath0de material is P re P ared in ™ °*dizing atmosphere such 

Strip T 6 "' T a " T atm ° SPhere SUCH 38 ar9 ° n ' nitr ° 9en and he,ium - For a m °'e detailed description of S 
2T£T7 h h refe - enCe iS made ,0 U S ' Pat6nt N ° S - 5 - 472 ' 810 10 Takeucni e « * ^d 5.516,340 to TakeuS 
rOOl'si ^addJif t are . a$S ' 9 J° aSSi9nee ° f ,hS preS6nt inVen,i0n and ^orated herein by reference 
En o r « J « f o r J a f d ' Um 0XJde 3nd ^PP^silvervanadiumoxide V 2 0 5 . Mn0 2 , LiCo0 2 , LiNiO, LiMnO, 
L.Mn 2 0 4 . TiS 2 , Cu 2 S, FeS, FeS 2 , Ag 2 0, Ag 2 0 2 , CuF, Ag 2 Cr0 4 , copper oxide, copper vanadium oxWe and 2 
thereof are useful as the core cathode active material. The coating material can be at least one of the aboveTsted 
core matenals wrth the provision that the coating materia, cannot be the same as the core material 
[0016] F,g^1 shows a flow chart that illustrates the process 10 used to coat the first metal oxide or metal sulfide core 
W'jasecond metalox.de or metal sulfide different than the first according to the presentation^ 

£2E£d° r ^ materia ' St6P 11 NeX1 ' the partiC,e Size ° f *- cath ode alTZ a" 

P ? ,nC ? aSeS the matena, ' S SUrface area ' wnich is beneficia ' «>' proved discharge efficiency 
baTmn IT! a ^? mpla,ed f0r reducin 9 tne si « °f the active particles including using a mortar and Se a 
rSuS "• " ^ attnt, ° n - additi ° n ' ^ C ° re Me aC,iVe material ma V ^ -ed directly without paS size 

StaL SVoTMnO Uti0 , n ^ "'"Jtk 9 *! meta ' ° Xide ° r mStal SUlfide COatin 9 ma,erial ' for example rP hase SVO, 
P phase SVO or Mn0 2 , .s prepared. The sol-gel solution can either be an aqueous or a non-aqueous based solution 
Aqueoussolut.ons.ncludewaterandaminor amount of lithium hydroxide to bring the ^^^^£2^ 
ous solu,,ons are essentially alcohol based with methanol, ethanol, isopropyl and isobuty. being preS^ 
25 of the above hsted cathode active materials serving as a core material is then added to the solS soSon ^form a 
mixture .n step 18 In this step, it is important to careful* control the ratio of the core mataS th ^X^Sl 

bout vslZoTvi >V£T°rT:- by wei9ht ' 3 rati0 of coating material to ™ E53 

rtSih.'!. - k ■' \ . 9 Preferred Van0US reactions are involv e° in the conversion of a sol to a gel Most 

TvIfL^p" 0 "/ 5 ! he , mechanism 1,131 essentially causes inorganic polymers to form and grow, causing an increase 

laroeTmlf T T beC ° meS S ° ^ ** ,S essentiallv a ^ 8- now c^Z a 

large amount of res.dual solvent and, possibly, other reactant such as water This excess material 

pnoMo consolidation of the gel to the final product. General.* drying is accomplished « T££2Z 
In 20 th '1 7 Und6r ^ PreSSUreS ° r SOme 935 or " ma * be ^ed out in vacuum at ifZSSTZ 

a^OXfo^l^fabSTn 10 TTT* C ° mP0Siti0n ° ,the heatin9 -"S^S SSc to 

Th! If? fora tm e of about 10 m.nutes to about 6 hours. Longer heating times are required for lower temperatures 

or not 0(16 aCt ' Ve materia,S ' re9ardless of wnethe r »he material is being coated. 

[0022] Cathode components for incorporation into an e.ectrochemica. ce.. according to the present invention are 
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prepared by rolling, spreading or pressing the cathode active mixture onto a suitable current collector selected from 
fhegroup siting of stainless steel, titanium, tantalum, platinum, a.uminum, gold nickei. an aHoys t e^fjhe 
preferred current collector material is titanium, and most preferably the titanium cathode current collector has e th^ 
layer o? graphite/carbon paint applied thereto. Cathodes prepared as described above may be in the form of one or 
more plates operative* associated with at least one or more plates of anode materia., or in the form of a stnp wound 
with a corresponding strip of anode material in a structure similar to a "jellyroll . 

raoisi ^ecathodecurrent collector is connected toaterminaHnsulated from the cell ca S .ng(notshown)byasu,table 
gSo-metal seal. This describes a case-negative cell design, which is the preferred form of me , presen ^ ,nven on 
cel.. The cell can a.so be built in a case-positive design with the cathode ^^.'^^^ ^ 
the anode current collector connected to a terminal lead insulated from the cas,ng. In a urther ^bodtaMUtaMl 
s built in a case-neutral configuration with both the anode and the cathode connected to respective term nal leads 
insulaied from the casing by gL-to-meta. seals. These termina. constructions are well known by those skilled ,n the 

[01)24] In order to prevent internal short circuit conditions, the cathode is separated from the Group IA MA or IIIB 
Lde by a suitable separator material. The separator is of electrically insulative material, and the separat or mate inal 
also is chemically unreactive with the anode and cathode active materials and both chemically 
Soluble in the electrolyte. In addition, the separator material has a degree of porosity sufficient to allow flow there 
through of the electrolyte during the electrochemical reaction of the cell. Illustrative separator matenals '"elude fabrics 
woven from fluoropolymeric fibers including polyvinylidine fluoride, polyethylenetetrafluoroelhylene, and polyethyl- 
enechlorotrifluoroethylene used either alone or laminated with a fluoropolymeric microporous film, non-woven glass, 
polypropylene, polyethylene, glass fiber materials, ceramics, polytetrafluoroethylene membrane commercially availa- 
ble under the designation ZITEX (Chemplast Inc.), polypropylene/polyethylene membrane commercially available un- 
der the designation CELGARD (Celanese Plastic Company, Inc.), a membrane commercially available under the des- 
ignation DEXIGLAS (C.H. Dexter, Div., Dexter Corp.), and a polyethylene membrane commercially ava.lable from Tonen 

rouSr'The electrochemical cell of the present invention further includes a nonaqueous, ionically conductive electro- 
lyte serving as a medium for migration of ions between the anode and the cathode electrodes during electrochemical 
reactions of the cell. The electrochemical reaction at the electrodes involves conversion of ions in atomic or molecular 
forms that migrate from the anode to the cathode. Thus, suitable nonaqueous electrolytes are substantially inert to the 
30 anode and cathode materials, and they exhibit those physical properties necessary for ionic transport, namely, low 

viscosity, low surface tension and wettability. 

[0026] A suitable electrolyte has an inorganic, ionically conductive salt dissolved in a mixture of aprotic organic 
solvents comprising a low viscosity solvent and a high permittivity solvent. In the case of an anode comprising thium, 
preferred lithium salts include LiPF 6 , LiBF 4 , L*sF 6 , LiSbF 6 , LiCI0 4 , Li0 2 , LiAICI 4 , L.GaCI 4 , L,C(S0 2 CF 3 ) 3 , L,N 
35 (S0 2 CF 3 ) 2 , LiSCN, UO3SCF3, LiC 6 F 5 S0 3 , Li0 2 CCF 3 . LiS0 6 F, LiB(C 6 H 5 ) 4 , LiCF 3 S0 3 , and nurtures thereof . 

0027] Low viscosity solvents useful with the present invention include esters, hnear and cyclic ethers and dialkyl 
carbonates such as tetrahydrofuran (THF), methyl acetate (MA), diglyme, trigylme, tetragylme. dimethyl carbonate 
(DMC), 1,2-dimethoxyethane (DME). 1,2-diethoxyethane (DEE), 1-ethoxy,2-methoxyethane (EME), ethyl methyl car- 
bonate, methyl propyl carbonate, ethyl propyl carbonate, diethyl carbonate, dipropyl carbonate, and mixtures thereof, 
and high permittivity solvents include cyclic carbonates, cyclic esters and cyclic amides such as propylene carbonate 
(PC) ethylene carbonate (EC), butylene carbonate, acetonitrile, dimethyl sulfoxide, dimethyl formamide, d.methy 
Utamide, r valerolactone,y-butyrola^ 

invention, the preferred anode is lithium metal and the preferred electrolyte is 0.8M to 1.5M LiAsF 6 or L.PF 6 dissolved 
in a 50:50 mixture, by volume, of propylene carbonate and 1 ,2-dimethoxyethane. 

[0028] The corrosion resistant glass used in the glass-to-metal seals has up to about 50% by weight silicon such as 
CABAL 12 TA 23 FUSITE 425 or FUSITE 435. The positive terminal leads preferably comprise molybdenum, although 
titanium, aluminum, nickel alloy, or stainless steel can also be used. The cellcasing is an open container of e .conductive 
material selected from nickel, aluminum, stainless steel, mild steel, tantalum and titanium. The casing is hermetically 
sealed with a lid, typically of a material similar to that of the casing. 
so [0029] The composite cathode active material comprising the first metal oxide or metal sulfide, preferably e-phase 
SVO coated with a second metal oxide or metal sulfide is particularly useful in electrochemical cells containing lithujm 
anodes and non-aqueous electrolytes. In a typical cell, the cathode consists of a mixture of, by weight, about 94 /. of 
the composite cathode active material along with 3% PTFE. 2% graphite and 1% carbon black The ca thode sepa- 
rated from the lithium anode by a layer of polypropylene separator. The cell is activated wrth 1 M L'AsFg inPC/DME 
55 (1-1) electrolyte. Pulse testing of the cell is accomplished by subjected it to high current pulses (-23 mA/crr*) for 10 
seconds in duration. The current pulses are applied in groups of four, with 15 seconds of rest between pulses. Time 
between application of the pulse groups ranges from several weeks to six months. Total discharge time for the cell is 
up to ten years. This makes the cell particularly well suited for powering an implantable medical device, such as a 
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SoT ^ , ! r, H?! C dBfibnltetor ' dm9 PUmP> neurosti ™ la '<* self-contained artificial heart, and the like. 
EL h -h I k 3 Pat,ent P h3Vin9 3 mediCal device 30 ' such as an ™P'antable cardiac defibrillator 

.mptanted .ns.de the body. The enlarged schematic shows the medical device 30 comprising a housing 32 contain ng 
control c.rcurtry 34 powered by an electrochemical cell 36 according to the present invention. The cell 36 b™ tec Z 
nected to a capacrtor 38. The control circuitry 34 is connected to at least one conductor 40 by a hermetic feedmrau^ 

a tnerapy thereto from the capacrtor 1 08 charged by the cell 36 

!! 0 , 3 hlL P t eriOdiCal !)'' ^! Patient Wi " 9 ° t0 3 mediCal facility ' and tne like - where the deliverable capacity determined 

of irte EEST* ,s readt0 de,ermine * the 06,136 has dischar9ed to the P° int *- « is «p!«S*JZS 

" ? Tr 0Pe " C,rCU,t VOlta9e ° f ab ° Ut 2 0 V °' tS - lf S0 - this indicates *- ■ - «™ for the physidan to 
schedule the pat.ent for surgery to replace the medical device with a new one pnys.can to 

S! 03 ,!- The !°" 0wing examples describes the manner and process of an electrochemical cell according to the present 



EXAMPLE I 



[0033] whase SVO cathode material was prepared utilizing a sol-gel process according to the present invention 
First; a 2.00-gram sample of V 2 O s was combined with a 1 .02-gram sample of Ag 2 0 and a Sm^SZSSi 
A vo ume of 100 ml of distilled/de-ionized water was added to the mbcture and'heated to abouTeoTto aoou £c 

?h o r 9 Tn 0r r 7" miXtUre ^ ^ a " 0Wed 10 0001 10 r00m tem P erature a " d stirred for another H houre to 
linn et ? deeP / ed COtored mMure WaS transferred to a round bo «™ "ask and the solvent removed 

5o?c unr a rr^ un h der red ^ d ,r ssure - The remaining s ° ,id was ^ ^ — ««.p«sirss 

500 C under an a.r atmosphere, and held at that temperature for about 15 minutes. Total heating time was about 1 
hour The sample was then cooled and anafyzed by X-ray powder diffraction; differential thermal a natysis and BET 

mat Z^r7TT S J he ^ P ° Wder diffraC,i0 " d3ia COnfimled the fof ™«°" of Wh^e SSZ SfoS 
material displayed a BET surface area of about 0.90 nvVgram. cainoae 



COMPARATIVE EXAMPLE I 



I o Lh?!n?J. °^ T^™' W3S Prepared accordinj > 10 the P rior art °V m^ing a 16.58-gram sample of 
ye^^T^ '^^ am 8a, !I P,0 ^ '^O* 00 ^- The mixture was heated to about 4S0-C under m air atmo?pSe^^SS,S 
16 hours The sample was then cooled, mixed and reheated under an air atmosphere for about 16 h^ The sample 

oZulZ ^ 3nd the " feheated Und6r an air atmos P here at ab °* 520"C for about 21hou^ At tn s 

po.nt the product matenal wascooled and analyzed byX-ray powder diffraction and BET surface area measurement 



EXAMPLE I 



of ^phase SVO prepared according to the present invention (Example I) was tested in Li/ 
electrochemical cells in comparison to the prior art y-phase SVO fComnarativ* Pvamnil i\ . JT . 
certs were connoted , containing cathodes consisting of a In^S^^^ 

ThTiir' 6 and 1/0 ^ rb ° n WaCk - A t0tal ° f 017 9rams to 019 9 rams ° f cathode mix was used in each ^ 
Thecathodem,x was pressed into a pellet 13 mm in diameter. Ltthium anodes measuring 0.012 inch^ 

le^ 

rnn«V LIASh 6 ,n PC/DME (1.1) electrolyte, and then crimped shut 

[0036] Pulse testing consisted of subjecting the cells to constant current pulses of 31 mA for 1 0 seconds in duration 
2lZTr 5 Wer ? PP,ied " 9r ° UPS ° f f ° Ur 6Ve,y 30 minutes ' with 15 seconds of^be^TputsU A 31 ^ 



Table 1 




Pulse Discharge of Li/SVO Coin Cells 


Preparation 


SVO Type 


Average To +2.0V 


Capacity To + 1.7V 


(mAh/g)To+1.5V 


Example I 


Sol-gel y-phase 


158.2 


250.8 


279.2 
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Pulse Discharge of Li/SVO Coin Cells 




Preparation 


SVO Type 


Average To +2.0V 


Capacity To +1.7V 


(mAh/g)To+1.5V 


Comparative Example 


Prior art 7-phase 


128.8 


189.4 


209.9 


I 

Example III 
Comparative Example 
III 


y-phase coated e-phase 
Prior art e-phase 


186.8 
151.3 


250.6 
249.1 


268.7 
267.7 
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[0037] As can be seen in Table 1. the sol-gel prepared ypnase SVO of Example I 

capacity to each voltage cut-off (2.0V, 1.7V and 1.5V) in comparison to the pnor art rphase SVO of Comparat ve 
Examole I An overlay of the voltage curves for these tests is shown in Fig. 4. In this figure, curve 50 was constructed 
1 2 Tx t av^ge Aground voltage prior to the app.ication of the pulse current for cells containing sol^. y-phase 
SVO of Example I white curve 52 is derived from the average minimum voltage dunng the appl.cat.on of the fourth 
pulse of each series for these cells. In contrast, curve 54 was constructed from the average background voltage j»r 
to the application of the pulse current for cells containing the prior art rphase SVO of Comparat ,ve Examp e , wh te 
curve 56 is derived from the average minimum voltage during the application of the fourth pulse of each senes for 
these cells. 

EXAMPLE III 

r00381 A composite SVO material according to the present invention containing a e-phase SVO core provided with 
arohase SVO coating was prepared. The y-phase SVO coating was applied utilizing a sol-gel process. The Preparation 
of soSsVO was the same.as described in Example I. In particular, a 2.00-gram sample of V 2 O s was combined wrth 
a 1 £ "ample of Ag 2 0 and a 0.013-gram sample of LiOH. About 100 ml of distilled/de-ion.zed water was added 
^ the Sre which was'then heated to about 60°C to about 70°C with stirring for about 2 hours. The mixture was 
allowed to cool to room temperature and stirred for about 14 hours to about 18 hours. 

r00391 At this point, a 4.22-gram sample of the resulting deep red colored mixture was added to 1 .50-gram sample 
of rP ase SVO fn a round boSom flask. The ratio of rP hase SVO torphase SVO in this mixture was 1:5. The solvent 
was removed from the mixture using a rotary evaporator under reduced pressure. The remaining sohd was heated 
from room temperature to about 500°C under an air atmosphere, and held there for about 15 minutes. Total heatjg 
time was about 1 hour. The resulting sample was then cooled and analyzed by X-ray powder drffrac ion d,fferent,a 
thermal analysis and BET surface area measurements. The X-ray powder diffraction data confirmed the presence of 
both e-phase SVO and rphase SVO. The material had a BET surface area of 0.91 rrf/g. 

?0040] It is believed that the e-phase SVO particles have a size ranging from about 30 pra to *out 300^e j 
phase SVO coating on these core particles are believed to be about 1 urn to about 10 urn in thickness. Coatings greater 
than about 10 pm are not believed to offer additional benefits. 

COMPARATIVE EXAMPLE III 

[00411 e-phase SVO was prepared by a prior art technique as a comparison to the new composite material containing 
a e-phase SVO core coated with rphase SVO (Example III). In particular, a 15.00-gram sample of V A w as^mb.ned 
with an 11.38-gram sample of Ag 2 C0 3 and heated to about 450°C under an a,r atmosphere for about 16 hou^The 
Tample was then cooled mixed and reheated under an air atmosphere at about 500°C for about 22 hours. At th.spoint 
the product material was cooled and analyzed by X-ray powder diffraction and BET surface area ^surements^The 
X-ray powder diffraction data confirmed the formation of e-phase SVO. The material displayed a BET surface area of 
0.65 n^/grams. 

EXAMPLE IV 

[0042] The discharge performance of rphase SVO coated e-phase SVO according to the present invention (Example 
II) was tested in Li/SVO electrochemical coin cells in comparison to the prior art rphase SVO (Comparative Example 
III The coin cells were constructed containing cathodes consisting of a mixture of 94% SVO (by we,ght) atong with 
3% PTFE 2% graphite and 1% carbon black. A total of 0.17 grams to 0.19 grams of cathode mix was used in each 
cell. Lithium anodes measuring 0.012 inches thick were used in the coin cells. The ^^^f^P 3 ^^'^ 
anodes by a layer of polypropylene separator. The cells were filled with 1 M LiAsF 6 in PC/DME (1:1) electrolyte, and 
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then crimped shut. 

[0043] Pulse testing was identical to that described in Example II with four coin cells being discharged for each 
SZTu i n 98 ^ Whe " C0mP3red ,0 ,he Pri ° r art £ "P hase SVO ' «* ° f Comparative 

K2f t T CaPaC,ty Under 3 hi9h rate PUbe diSCharge re 9 ime and - in additi °". « ^ected to display 

[0044] An overlay of the average voltage curves for these discharge tests is illustrated in Fig. 5. In this figure curve 
60 was constructed from the average background voltage priorto the application of the pulse current for cells inialZ 

Ste o^Sh ° Tf E " P r h r f° matena ' ° f EXamP ' e " Whi ' e CUfVe 62 iS de * ved from the aSe^SZ 
voltage dunng the appl.cat.on of the fourth pulse of each series for these cells. In contrast, curve 64 was constructed 

Si SVO T T" c d V0,ta9e ^ t0 ^ aPpHCati0n ° f me pUlse current for «* containing the prior art e 

ca«on r^rr. '" Whi ' e ^ 66 " d8riVed fr0m the aVera 9 e m ™ vo "^ **0 ■» app - 

cation of the fourth pulse of each series for these cells. 

2 n !l e j nCreaSed deHVered ^P 3 ^ for the 06,15 ««*B the composite cathode material of the present in- 
Ten LT n S a " ' mpr °: ement ° Ver P"' or art materials. Higher capacity translates into greeted longevity 

T> £Z!i h ?. P T r a " imP ' antab,e mediCa ' d6Vice - As an a,temat ^ increas ed cathode capacity can 

S rtSS lT 3 f TV^ Sma " er V ° ,Ume ,h3t dCliVerS 6nergy to *- of a ^ cell containing 

Zbi * 6 , m ! I" 3 '- ^ d6CreaSed Ce " Si2e the " Provides the advan,aae ^ a smaller overall device size 

^tZZST^^J"??* m ° dificati0ns 10 the inve "«ve concepts described herein may be appaTenUo 

17ms dePartin9 ^ ^ 3nd SC ° Pe ° f *• Present invention as defined b V the 

Claims 

1 witraS^nTr' 03 ^^ material C ° mpriSing 3 M 0f a first ca t" ode ^tive material provided 
ZZX Tactive matenT ma,en ' a1, ^ 1,16 ** e-h °* ^ matenal is not tne second 

2 " S^r? 0 ^ ° 1 Wherein the firSt catnode active material is sele cted from the group consisting of e-phase 

FeS FeS To OA 1 ?T B ^ C8WOL V2 ° 5 ' Mn ° 2 ' LiC °°^ LiNi °^ LiMn ° 2 ' Cu0 2 ,r°3 2 Cu 2 S 

FeS, FeS 2 ,Ag 2 0,Ag 2 0 2 ,CuF,Ag 2 Cr0 4 , copper vanadium oxide, and mixtures thereof. 2 

3. The cathode of Claim 1 or Claim 2 wherein the coating is selected from the group consisting of e-phase SVO B- 
Ag 2 0,Ag 2 0 2 ,CuF,Ag 2 CrO 4 , copper vanadium oxide, and mixtures thereof. 222.. eo 2 , 

6. An electrochemical cell which comprises: 

a) an anode of an alkali metal, preferably lithium; 

b) a cathode according to any one of the preceding claims; and 

c) an electrolyte, preferably a nonaqueous electrolyte, activating the anode and the cathode. 

7 ' Jnh^ST' 03 ' C . e " °^ C ' aim 6 Wherein the an0de is lithium and the cc"POs«e cathode active material is of 
e-phase SVO hav.ng .ts .ndividual particles provided with a coating of ^phase SVO. 

8. The electrochemical cell of Claim 6 or Claim 7 wherein the composite cathode active material is contacted to a 
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9. The electrochemical cell of any one of Claims 6, 7 or 8 built in one of a case-negative design, a case-posith/e 
design and a case-neutral design. 

1 0 The electrochemical cell of any one of Claims 6, 7, 8 or 9 wherein the electrolyte has ■ first "^"^ 
the orouo consisting of tetrahydrofuran, methyl acetate, diglyme, triglyme, tetraglyme, dimethyl carbonate, 

ZTS^cL^e, diethyl carbonate, dipropy. carbonate, and mixtures thereof, and a second solvent 
selected I from the group consisting of propylene carbonate, ethylene carbonate, butylene carbonate acetomtnle^ 
Jmety. sToxkJe dimethyl formamide, dimethyl acetamide, ^valerolactone. -^butyrolactone. N-methy.-2-pyrro- 
lidone, and mixtures thereof. 

11. Theelecfrochemicalce.lo^^ 

from the orouo consisting of LiPF 6 , LiBF 4 , LiAsF 6 , LiSbF 6 , LiCI0 4 , Li0 2 , LiAICI 4 . LiGaCI 4 , LiC(S0 2 CF 3 ) 3 LiN 
K^ScFa, LiC 6 6 F 5 S0 3 : Li0 2 CCF, LiS0 6 F, LiB(C 6 H 5 ) 4 , LiCF 3 S0 3 , and mixtures thereof. 

12. A method for providing a composite cathode active material, comprising the steps of: 

a) providing a first core cathode active material in granular form; „ a * iharain 
b providing a solution of an organic solvent having a second coating cathode act,ve matenal provided therein, 
wherein the first core cathode active material is not the second coating cathode acfive matenal; 
cl mixina the first core cathode active material into the sol-gel solution containing the second coating cathode 
a£e maSaltThereby form a gel of the second cathode active materia, coating the core cathode active 

d) 3 Sng the resulting coated cathode active material to substantially remove the solvent material; and 

e) heating the dried coated core cathode active material to provide the composite cathode active matenal. 

1 3. The method of Claim 1 2 wherein the first and/or the second cathode active material is defined in any one of Claims 
2 to 5 or Claim 7. 

14. The method of Claim 1 2 or Claim 1 3 including providing the sol-gel solution as either an aqueous or a nonaqueous 
solution. 

15. The method of Claim 12. 13 or 14 including mixing the coating metal with the active material in a range, by weight, 
of 1:3 to 1:20. 

16. The method of Claim 12. 13. 14 or 15 including drying the coated cathode active material at a reduced pressure 
in a range of 20 inches of Hg. to 50 inches of Hg. 

17. The method of Claim 12, 13, 14, 15 or 16 including drying the coated cathode active material at a temperature in 
a range of 200°C to 500°C. 

18. The method of Claim 12, 13. 14. 15. 16 or 17 including drying the coated cathode active material for a time of 10 
minutes to 6 hours. 

19 A method for providing an electrochemical cell including providing an anode of an alkali metal, preferably lithium 
and a composite cathode active material provided as defined in any one of Claims 12 to 18. 

20. An implantable medical device, which comprises: 

i) a device housing; 

ii) control circuitry contained inside the device housing; .. , lhlliM 

iii) an electrochemical cell housed inside the device housing for powering the control arcurtry. the cell be.ng 
defined in any one of Claims 6 to 11 ; . . > 

iv) a lead for connecting the device housing i) to a body part intended to be assisted by the medical dev.ce. 
wherein, in use, the electrochemical cell iii) powers the control circuitry ii) both during a device monitoring 
mode to monitor the physiology of the body part and a device activation mode to provide the therapy to the 
body part. 
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